Abstract-In this paper we study a new semi-blind channel estimation algorithm in orthogonal frequency division multiplexing (OFDM) systems. The proposed scheme is an extension of a recently reported subspace-based blind channel estimation algorithm in cyclic prefix systems which requires very few received blocks. The semi-blind estimation algorithm is devised by using the information obtained both from the blind channel estimation method and a pure pilot-assisted method. The proposed algorithm uses a small amount of received data and can be applied to any types of communication constellations. Simulation results show that, with the same number of pilot samples, the semiblind algorithm has a clear improvement in system performance over the pure pilot-assisted method. To achieve the same biterror-rate performance, the proposed semi-blind algorithm uses fewer pilot samples. 1
I. INTRODUCTION In digital communications, channel estimation is a crucial step for successful data transmission. Channel estimation in block transmission systems has been studied extensively. While pilot-assisted channel estimation uses known pilot samples inserted at the transmitter [5] , blind channel estimation which assumes no knowledge of the transmitted samples has also been studied in detail [1] [2] [3] [4] , [9] . Typically, pilot-assisted algorithms are conceptually simple and easy to implement but require some extra bandwidth. In addition, they do not fully exploit the injformjation that is available at the receiver.
Blind estimation algorithms, on the other hand, save the bandwidth efficiency but usually are more complicated, require larger amount of received data, and have a poorer system performance than pilot-assisted counterparts. A hybrid of these two types of channel estimation therefore has been studied in an attempt to further improve the system performance.
In this paper, we study semi-blind pilot-assisted channel estimation in orthogonal frequency division multiplexing (OFDM) systems based on cyclic prefixes (CP) . Several semiblind algorithms have been proposed for OFDM systems [2] , [7] [8] [9] [10] . HEowever, these methods either rely on the knowledge of source statistics [2] [10] or require the knowledge of source constellation [7] [8] [9] . Methods the data is collected. On the other hand, the methods using the knowledge of source constellations usually rely on using a small constellation. When the constellation size is large, these methods become either inapplicable or computationally prohibited. We propose in this paper a semi-blind algorithm based on an extension from a recently reported blind channel estimation algorithm based on subspace decomposition which requires a limited amount of received data. Due to the nature of subspace-based methods [12] , the proposed algorithm is applicable with any source constellation and any pilot sample configuration. Furthermore, unlike other subspace-based methods, the proposed algorithm does not require any statistics of input signal and. needs much fewer received data than any other subspace-based methods. These features make it suitable for fast-varying channels.
The rest of the paper is organized as follows. In Section II, the system setting is described and the problem statement is formulated. In Section III we first review the previously reported blind and pilot-assied channel estimation algorithms and then present the proposed algorithm. Simulation results are shown in Section IV and the conclusions made in Section V.
A. Notations
Boldfaced lower case letters represent column vectors. be the vector containing all pilot samples in these J blocks. The problem can be formulated as follows. Given J received blocks y(n), n = t, t + 1, ..., t + J 1, spfl, and C(t'j) how do we estimate the channel coefficients h?
III. SEMI-BLIND CHANNEL ESTIMATION
The proposed semi-blind algorithm presented in this paper is a combination of a pure pilot-assisted algorithm and a recently reported blind channel estimation algorithm. We will first review both algorithms and then present the proposed algorithms. As shown in Figure 2 , all received samples, including the CP parts, will be used for a blind estimation procedure. After FFT operation, received samples at the pilot positions, will be used for pilot-assisted estimation. These results will be combined to obtain an even more accurate estimate than both previously reported algorithms. A. Pure pilot-Assisted Channel Estimation A pure pilot-assisted channel estimation method can be deployed (see [5] and the references therein). From Many blind methods (e.g., [9] ) require knowledge of constellations used by the transmitter. We briefly review the algorithm in [4] as follows.
The algorithm reported in [4] has two parameters. 
is a (21 + Q-1) x Q J-1) matrix. Note that inequality (6) is a necessary condition (but not sufficient) that UGJ) has full Q rank. However, when Vt is large, the probability that U(J) has full rank is usually very close to unity, especially when a large constellation is used (see [4] ). Since U(J) has full rank, the range space of Y(ff) is equal to that of H-Q. So and OFDM symbol recovery [4] . The kth channel estimate hk is tively used for equalizing the OFDM symbol numbers 5k + 3 to tively. 5k + 7. Equalized symbols then go through detection devices h minimizes and bit error rate (BER) performance of the system is evaluated which is shown in Figure 5 . We see that the semi-blind 13 gh 2) method with K = l5 has an even better performance than Fig. 4 Comparison of pilot-based and semi-bli estimation mean square error performance.
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